Background and aim of the study: We evaluated the early and long-term outcomes of
| INTRODUCTION
Pathology involving the mitral annulus, such as an abscess in infective endocarditis (IE), extensive calcification, damage followed by removal of a prosthetic mitral valve, and left ventricular rupture after mitral valve replacement (MVR), require mitral annular reconstruction (MAR) during MVR. [1] [2] [3] [4] Severe IE occurs more frequently in prosthetic mitral valves or mitral annuloplasty rings than in native mitral valves. When the mitral annulus is involved, all of the infected prosthetic material and valvular structures including the annular tissue must be completely removed. Since the myocardium is exposed in the excised area, reconstruction of the mitral annulus is mandatory. 5 Reconstruction of the mitral annulus is commonly performed in adults and children using autologous pericardium or glutaraldehyde-fixed bovine pericardium. 6, 7 Although specialized operative techniques for MAR have been reported, few studies have described the early and late clinical outcomes after MVR with MAR. We have encountered various circumstances in which concomitant reconstruction of the mitral annulus was required with MVR. In this study, we analyzed the surgical outcomes of MVR with concomitant MAR in IE and non-endocarditis (NE) groups.
| MATERIALS AND METHODS

| Patient profiles
Between May 1997 and April 2013, 78 consecutive patients underwent MVR with MAR in our hospital. The mean age was 53.4 ± 13.6 years (range 19-77 years). Table 1 shows the clinical characteristics of the patients in both the IE and NE groups. Fourteen of the 49 patients with active IE underwent emergent surgery for severe heart failure, large fragile vegetations, or systemic septic emboli. Patients in the NE group were older and often had multiple previous operations.
The indications for MAR were treatment of native valve endocarditis with annular abscess (n = 23, 29.5%), redo operation for prosthetic valve endocarditis with annular destruction (n = 26, 33.3%), reinforcement of a damaged annulus resulting from a previous operation (n = 17, 21.8%), complete excision of extensive calcification of the annulus (n = 9, 11.5%), and left ventricular or left atrial rupture (n = 3, 3.8%). The indications for MVR were native mitral valve endocarditis (n = 24, 30.8%), mitral prosthetic valve endocarditis including infected annuloplasty rings (n = 26, 33.3%), mitral prosthetic valve failure including prosthetic valve dehiscence and bioprosthetic valve failure (n = 17, 21.8%), and rheumatic valve disease (n = 11, 14.1%).
The institutional review board of the hospital approved this study and waived the requirement for individual consent from patients or their relatives (IRB file No. 2015-07-100). Figure 1B ). If annular destruction or the abscess had extended into the left atrium, we used "non-everting" sutures from the left ventricle to the outside of the reconstructed annulus ( Figure 1C ). Prosthetic valves were selected according to age, body surface area, and medical status ( Figure 1D ).
| Data analysis and follow-up
All continuous data were expressed as the mean ± standard deviation or median value with quantile interval range (QIR) and analyzed using SPSS for Windows (version 18.0; IBM Corp., Armonk, NY). The patients were divided into IE (n = 49, 62.8%) and NE (n = 29, 37.2%) groups. The independent Student's t-test for parametric data or Mann-Whitney U test for nonparametric data was used for comparing the two groups.
Categorical variables ware expressed as number of cases and percentage, and the chi-square test or Fisher's exact test was used to compare the two groups. Survival rates and late outcomes were analyzed using the KaplanMeier method and log-rank test, and time zero was the time of operation for time-to-event analyses. Multivariable and univariable logistic regression analyses were used to identify the factors associated with increased operative mortality. P < 0.05 was considered statistically significant.
The prothrombin times (international normalized ratio) in patients who underwent MVR with mechanical prostheses were maintained within 2.5-3.0 during the first post-operative year and 2.0-3.0 during the subsequent years. Echocardiography was performed before discharge, every 6 months during the first year, and every 2 years thereafter. The mean follow-up period was 59.4 ± 47.3 months (range 0-166.8 months).
| RESULTS
| Early results and complications
Anterior (n = 10, 12.8%), posterior (n = 33, 42.3%), or circumferential (n = 35, 44.9%) MAR was performed using a glutaraldehyde-fixed bovine pericardium (n = 71, 91%) or an autologous pericardial strip (n = 7, 9%) ( Table 2 ). The median or mean durations of mechanical ventilation support, intensive care unit stay, and hospital stay were Table 3 . 
| Late mortality, reoperation, and occurrence of prosthetic valve endocarditis
There were 11 and five cases of late mortality in the IE and NE groups, respectively, including cases of aspiration pneumonia, traumatic subdural hemorrhage, heart failure, and sudden death. The overall survival rates at 1 and 10 years were 94.8% and 65.1%, respectively.
There was no statistically significant difference in the overall survival between patients in the two groups (P = 0.565) (Figure 2 ). In addition, there was no statistically significant difference in the rates of freedom from reoperation and freedom from endocarditis between the groups (P = 0.635 and P = 0.449), respectively ( Figure 3 ). There were two cases of late reoperation in four cases due to late occurrence of prosthetic valve endocarditis, as summarized in Table 3 . 
| Risk factor analysis of mortality
There were 13 and five cases of overall mortality in the IE and NE groups, respectively, and the difference was not statistically significant (P = 0.565). Univariate analysis revealed that pre-operative left ventricular dysfunction (ejection fraction <40%) and older age (>65 years old) were associated with higher operative mortality (P = 0.045, odds ratio = 4.231 and P = 0.045, odds ratio = 3.182, respectively). On multivariate analysis, low hemoglobin level (<10 mg/dL) (P = 0.046) and pre-operative left ventricular dysfunction (P = 0.017) were independent predictors of overall mortality (Table 4) . IE, massive calcification, and destruction of the mitral valve annulus present a formidable technical challenge to the cardiac surgeon. Surgical FIGURE 2 Kaplan-Meier overall survival curves for patients with and without infective endocarditis. The overall survival rates at 1 and 10 years were 94.8% and 65.1%, respectively. The overall survival rates in patients with infective endocarditis at 1 and 10 years were 87.1 % and 63.9 %, respectively, and 92.2% and 63.1%, respectively, in those with non-infective endocarditis. There was no statistically significant difference in overall survival between patients in the two groups (P = 0.565), by log-rank test 
FIGURE 3
Rates of freedom from reoperation and freedom from endocarditis in the two groups. The rates of freedom from reoperation at 1 and 10 years were 95.9% and 93.4%, respectively, in the infective endocarditis group, and 95.8% and 95.8%, respectively, in the nonendocarditis group (A). The rates of freedom from endocarditis at 1 and 10 years were the same in the infective endocarditis group (95.6%) and the non-endocarditis group (96.3%). There was no statistically significant difference in the rates of freedom from reoperation and freedom from endocarditis between the two groups (P = 0.635 and P = 0.449, respectively) (B) paravalvular leakage after prosthetic valve replacement is still high, 27 more secure surgical techniques are required. Nevertheless, our results indicate that MVR with MAR remains a suitable option.
| STUDY LIMITATIONS
This study was a retrospective observational study and included patients from only a single center. The overall age of the patients (53.8 ± 11.6 years), especially those with severe annular calcification, was relatively lower than that in other studies.
| CONCLUSIONS
For patients with or without IE who require MVR, complete debridement of the mitral annulus should be attempted to eliminate paravalvular leaks.
Reconstruction of the annulus using pericardium is a feasible and effective surgical option for MVR with MAR and provides good long-term results, and affords reasonable operative mortality and morbidity.
